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Intelligence Test Scores Before and After Alcohol-Related
Disorders—A Longitudinal Study of Danish Male
Conscripts
Marie Grønkjær , Trine Flensborg-Madsen, Merete Osler, Holger Jelling Sørensen, Ulrik
Becker, and Erik Lykke Mortensen
Background: Existing studies on intellectual consequences of alcohol-related disorders are primarily
cross-sectional and compare intelligence test scores of individuals with and without alcohol-related dis-
orders, hence mixing the inﬂuence of alcohol-related disorders and predisposing factors such as premor-
bid intelligence. In this large-scale study, the primary aim was to estimate associations of alcohol-
related disorders with changes in intelligence test scores from early adulthood to late midlife.
Methods: Data were drawn from a follow-up study on middle-aged men, which included a re-exam-
ination of the same intelligence test as completed in young adulthood at military conscription (total
analytic sample = 2,499). Alcohol-related hospital diagnoses were obtained from national health reg-
istries, whereas treatment for alcohol problems was self-reported at follow-up. The analyses included
adjustment for year of birth, retest interval, baseline intelligence quotient (IQ) score, education, smok-
ing, alcohol consumption, and psychiatric and somatic comorbidity.
Results: Individuals with alcohol-related hospital diagnoses (8%) had a signiﬁcantly lower baseline
IQ score (95.0 vs. 100.5, p < 0.001) and a larger decline in IQ scores from baseline to follow-up (8.5
vs. 4.8, p < 0.001) than individuals without such diagnoses. The larger decline in IQ scores with alco-
hol-related hospital diagnoses remained statistically signiﬁcant after adjustment for all the covariates.
Similar results were revealed when IQ scores before and after self-reported treatment for alcohol prob-
lems (10%) were examined.
Conclusions: Individuals with alcohol-related disorders have a lower intelligence test score both in
young adulthood and in late midlife, and these disorders, moreover, seem to be associated with more
age-related decline in intelligence test scores. Thus, low mean intellectual ability observed in individuals
with alcohol-related disorders is probably a result of both lower premorbid intelligence and more intel-
lectual decline.
Key Words: Alcohol-Related Disorders, Intelligence, Intelligence Quotient, Intellectual Changes,
Longitudinal Study.
LONG-TERM consequences of heavy alcohol consump-tion and alcohol-related disorders on intellectual aging
are of particular interest with the aging population. Cross-
sectional studies of clinical samples comparing individuals
with alcohol dependence and controls without alcohol
dependence have observed lower cognitive performance on
several tests, including tests of global cognitive function,
speed of processing, and verbal and nonverbal cognitive abil-
ity (Kist et al., 2014; Kopera et al., 2012; Schottenbauer
et al., 2007; Woods et al., 2016). Likewise, more cognitive
impairments have been observed in individuals with alco-
holic liver cirrhosis than in individuals with viral liver cirrho-
sis (Lee et al., 2016). However, cross-sectional studies cannot
disclose whether lower intellectual ability in individuals with
alcohol-related disorders is observed because low intelligence
is a risk factor for alcohol-related disorders or because low
intelligence is a consequence of alcohol-related disorders
(Schottenbauer et al., 2007). Several studies have indicated
that low intelligence is a risk factor for alcohol use disorders
later in life (Mortensen et al., 2005; Osler et al., 2006;
Sj€olund et al., 2015). In contrast, studies on long-term
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consequences of alcohol-related disorders on intelligence are
lacking, although the acute eﬀects of alcohol on intellectual
performance have long been documented (Dry et al., 2012;
Peterson et al., 1990). Using magnetic resonance imaging
(MRI), studies have shown shrinkage of the frontal cortex
and underlying white matter in individuals with alcohol-re-
lated disorders (Rosenbloom and Pfeﬀerbaum, 2008), that is,
damages in structures of the brain that are vital for intellec-
tual functions. However, whether these damages are caused
by direct eﬀects of alcohol on the brain or indirect eﬀects of
other factors such as lifestyle and comorbidity still needs
clariﬁcation. The importance of comorbidity is emphasized
by the high prevalence of psychiatric and somatic comorbid-
ity in individuals with alcohol-related disorders (Flensborg-
Madsen et al., 2009; Holst et al., 2017). Clinical neuropsy-
chological studies as well as MRI studies have indicated
structural and functional improvement with long-term absti-
nence (Stavro et al., 2013; Sullivan, 2017), suggesting that
some of the intellectual impairment caused by alcohol is
acute and does not pose permanent changes. In these studies,
intellectual functions are assumed to be normalized if they
are comparable to the functions of normal controls; how-
ever, without knowledge of intellectual performance before
the alcohol use disorder was initiated, the individual premor-
bid intelligence is not known. Therefore, studies investigating
the association of alcohol-related disorders with long-term
intellectual changes that also account for premorbid intelli-
gence and comorbidity are needed. Results of such studies
can provide a better understanding of the long-term conse-
quences of heavy alcohol consumption and accompanying
disorders and may help to prevent or postpone age-related
intellectual decline.
In a recently established follow-up study, the Lifestyle and
Cognition Follow-up study 2015 (LiKO-15), participants
completed a comprehensive questionnaire in late midlife
along with the same intelligence test as they did at the mili-
tary draft board examination in early adulthood. Conse-
quently, data from LiKO-15 provide a unique opportunity
to thoroughly investigate the associations between alcohol-
related disorders and intelligence while addressing many of
the drawbacks of previous studies. A crucial element is that
intelligence was assessed before and after initiation of alco-
hol-related disorders. The primary aim was to estimate asso-
ciations of alcohol-related disorders with changes in
intelligence test scores from early adulthood to late midlife.
To highlight the importance of including premorbid intelli-
gence test scores, a secondary aim was to estimate associa-
tions of intelligence test scores in young adulthood with
alcohol-related disorders in the same study sample.
MATERIALS ANDMETHODS
Study Sample
The study utilized data from the Lifestyle and Cognition Follow-
up study 2015 (LiKO-15) and national health registries. The LiKO-
15 is a follow-up study of middle-aged men (born in 1950 to 1961;
mean age = 61.6 [SD = 3.3]) from 2 existing databases: a psychi-
atric database established by Urfer-Parnas and colleagues (2010)
and the Danish Conscription Database (Christensen et al., 2015),
both including information on intelligence test scores from draft
board examinations in early adulthood (1968 to 1989). At the fol-
low-up examination in late midlife (2015 to 2017), LiKO-15 partici-
pants were re-assessed using the same intelligence test and answered
a comprehensive questionnaire on socio-demographic factors, life-
style and health. In total, 19,888 men were invited to participate in
the follow-up of whom 2,611 men (13%) agreed to participate.
Results of a participation analysis—presented elsewhere (Grønkjær
et al., 2019b)—have indicated that participants in LiKO-15 consti-
tute a rather selected group of men with higher education and intel-
ligence test scores in young adulthood and less morbidity than
nonparticipants. As the main aims of LiKO-15 were to investigate
associations between psychiatric disorders and age-related intellec-
tual changes, a large proportion of the invited men had been regis-
tered with psychiatric hospital diagnoses (46%), including alcohol
use disorders (15%). Data on 89 participants were lost due to tech-
nical problems in the military’s computer systems, 2 participants
had alcohol-related diagnoses before baseline, and 21 participants
were excluded as they had missing values on 1 or more of the
included variables; hence, 2,499 men were included in the analyses.
By use of the unique personal identiﬁcation number, which is
assigned to all Danish residents (Pedersen, 2011), data were linked
to the Danish National Patient Registry, containing information on
all inpatient admissions to Danish hospitals since 1977 and outpa-
tient admissions since 1995 (Lynge et al., 2011). Moreover, informa-
tion on all inpatient admissions to Danish psychiatric hospital
departments since 1969 and outpatient admissions since 1995 was
obtained from the Danish Psychiatric Central Research Register
(Mors et al., 2011).
Alcohol-Related Disorders
Alcohol-related disorders were assessed using alcohol-related
hospital diagnoses—including both psychiatric and somatic diag-
noses—and self-reported treatment for alcohol problems. The
somatic alcohol-related hospital diagnoses were included as they
capture individuals who have had an alcohol-related disorder (i.e.,
at least harmful use of alcohol) but who have not necessarily been in
contact with the psychiatric hospital departments. The decline in
intelligence test scores with both alcohol-related hospital diagnoses
and self-reported treatment for alcohol problems was investigated
as they have diﬀerent strengths and limitations, hence enabling com-
parison of the results using diﬀerent operationalizations of alcohol-
related disorders. Information on psychiatric alcohol-related hospi-
tal diagnoses from psychiatric wards was acquired from the Danish
Psychiatric Central Research Register and the Danish National
Patient Registry using the following diagnoses: ICD-8 (291.09 to
291.99, 303.09 to 303.99) and ICD-10 (F10.1 to F10.9). Somatic
alcohol-related hospital diagnoses were obtained from the Danish
National Patient Registry including the following diagnoses: ICD-8
(571.09, 571.10) and ICD-10 (E24.4, G31.2, G62.1, G72.1, I42.6,
K29.2, K70, K85.2, K86.0). At the follow-up examination, partici-
pants self-reported whether they had ever been treated for alcohol
problems with the response categories: yes, several times; yes, once;
and no (in analyses dichotomized into yes/no).
Intelligence
Intelligence was assessed using test scores on the global intelli-
gence test Børge Priens Prøve (BPP), which is highly correlated with
the full-scale intelligence quotient (IQ) of the Wechsler Adult Intelli-
gence Scale (Mortensen et al., 1989). The BPP is used by the Danish
military draft authorities and comprises 78 items within subtests of
letter matrices, number series, verbal analogies, and geometric
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ﬁgures (Teasdale, 2009). Participants for the present paper were ﬁrst
assessed using a paper-and-pencil version of BPP in young adult-
hood (baseline; mean age = 20.3 years) and re-assessed using a
computerized version of BPP in late midlife (follow-up; mean
age = 61.6 years). The total number of correct answered items on
BPP was available from both baseline and follow-up. As only the
total BPP score was archived by the draft board authorities, BPP
subtest scores were only available from follow-up examinations.
Thus, changes in subtest scores could not be investigated, but a pre-
vious study also indicated that BPP is probably more suitable to
investigate overall changes than changes in speciﬁc subtests as a fac-
tor analysis found that a 1-factor model ﬁts the BPP subtests
(Grønkjær et al., 2019a). BPP test scores were converted to an IQ
scale with a sample mean of 100 and a standard deviation of 15 at
baseline, and changes in IQ scores were used to assess age-related
intellectual changes.
Covariates
At the follow-up examination, participants retrospectively
reported information on school and vocational education, lifetime
tobacco smoking, and lifetime alcohol consumption. Based on this
information, we calculated the number of years of education using
nominal lengths of study times, and pack-years of smoking using
the following tobacco equivalents: 1 cigarette = 1 unit, 1 cigar-
illo = 3 units, 1 cigar = 5 units, and 1 pipe = 3 units (Christensen
et al., 2008). In addition, the average weekly units of alcohol and
years with weekly extreme binge drinking (≥10 units of alcohol on
the same occasion) in adult life were calculated. As described in
detail elsewhere (Grønkjær et al., 2019b), adult life was deﬁned as
26 years of age and onwards and the Danish units of alcohol corre-
sponding to 12 g of pure alcohol were applied in these calculations.
Using information on hospital diagnoses from psychiatric
departments obtained through the Danish Psychiatric Central
Research Register and the Danish National Patient Registry, the
following psychiatric disorder variables were constructed: Other
substance use disorders (ICD-8: 304 and ICD-10: F11 to F19);
Schizophrenia (ICD-8: 295 and ICD-10: F20); Mood disorders
(ICD-8: 296 and ICD-10: F30 to F39); and Other psychiatric disor-
ders (ICD-8: 290 to 302 and ICD-10: F11 to F99 [excluding the
diagnostic codes speciﬁed in the other groups]). Moreover, informa-
tion from the Danish National Patient Registry was used to
calculate the Charlson Comorbidity Index to assess somatic comor-
bidity (Charlson et al., 1987). The index includes 19 comorbidities
that are weighted based on their potential inﬂuence on mortality
using the following weights: 1 (myocardial infarction; congestive
heart failure; peripheral vascular disease; cerebrovascular disease;
dementia; chronic pulmonary disease; connective tissue disease;
peptic ulcer disease; mild liver disease; and diabetes without end-or-
gan damage); 2 (diabetes with end-organ damage; hemiplegia; mod-
erate-to-severe renal disease; tumor without metastasis; leukemia;
and lymphoma); 3 (moderate-to-severe liver disease); or 6 (meta-
static solid tumor and AIDS). In addition, year of birth was
included as a covariate in the analyses to adjust for diﬀerent ages at
follow-up and to adjust for generation diﬀerences in alcohol-related
disorders and intelligence.
Statistical Methods
Study sample characteristics by alcohol-related hospital diag-
noses and self-reported treatment for alcohol problems were ana-
lyzed for group diﬀerences using chi-square tests for categorical
variables and independent-sample t-tests for continuous variables
(Table 1). Associations of IQ scores with alcohol-related hospital
diagnoses and self-reported treatment for alcohol problems were
analyzed using independent-sample t-tests of group diﬀerences in
baseline IQ scores, follow-up IQ scores, and changes in IQ scores
(Table 2). Moreover, dependent-sample t-test was used to analyze
within-group changes in IQ scores from baseline to follow-up. Lin-
ear regression analyses of changes in IQ scores with alcohol-related
hospital diagnoses and self-reported treatment for alcohol problems
were conducted adjusted for (i). year of birth, retest interval length,
baseline IQ score, years of education, and pack-years of smoking
(Model 1); (ii) Model 1 + psychiatric and somatic comorbidity; (iii)
Model 1 + average weekly units of alcohol consumed in adult life;
and (iv) Model 1 + years with weekly extreme binge drinking (≥10
units the on same occasion) in adult life (Table 3). The covariates
included in the Model 1-adjusted analyses were selected based on
the assumption that these factors are likely to inﬂuence both alco-
hol-related disorders and age-related intellectual decline. The
covariates included in Models 2 to 4 can be interpreted as either
confounders or mediators of the association; hence, the results of
these analyses were presented separately. Moreover, variance in IQ
score changes uniquely explained by alcohol-related hospital
Table 1. Characteristics of the Study Sample of 2,499 Danish Men by Alcohol-Related Hospital Diagnoses and Self-Reported Treatment for Alcohol
Problems
Alcohol-related hospital diagnoses Self-reported treatment for alcohol problems
Yes (n = 207) No (n = 2,292)a Yes (n = 256) No (n = 2,243)a
Age at draft board examination (mean, SD) 20.1 (1.9) 20.3 (2.1) 20.2 (1.9) 20.3 (2.1)
Age at follow-up examination (mean, SD) 62.2 (3.1) 61.6 (3.3)** 62.2 (3.0) 61.6 (3.3)**
Retest interval (mean, SD) 42.1 (3.5) 41.3 (3.3)*** 42.1 (3.4) 41.3 (3.3)***
Years of education (mean, SD) 12.7 (2.7) 13.7 (2.5)*** 12.8 (2.7) 13.7 (2.5) ***
Pack-years of smoking (mean, SD) 38.1 (30.8) 17.8 (25.9)*** 37.6 (30.1) 17.5 (25.7) ***
Adult-life weekly units of alcohol (mean, SD) 26.7 (27.9) 11.1 (9.8)*** 28.1 (27.2) 10.6 (8.7) ***
Years with weekly extreme binge drinking (mean, SD)b 16.2 (14.5) 2.8 (8.0)*** 18.0 (13.5) 2.3 (7.3)***
Charlson Comorbidity Index score (mean, SD)c 1.7 (2.2) 0.8 (1.5)*** 1.6 (2.2) 0.8 (1.5)***
Other substance use disorders (N, %)d 4 (1.9) 21 (0.9) 4 (1.6) 21 (0.9)
Schizophrenia (N, %)d 10 (4.8) 41 (1.8)** 12 (4.7) 39 (1.7)**
Mood disorders (N, %)d 73 (35.3) 184 (8.0)*** 69 (27.0) 188 (8.4)***
Other psychiatric disorders (N, %)d 122 (58.9) 557 (24.3)*** 136 (53.1) 543 (24.2)***
aChi-square test for categorical variable and independent-sample t-tests for continuous variables.
bDefined as consuming 10 units of alcohol or more on the same occasion.
cCalculated based on information from the Danish National Patient Registry.
dBased on diagnoses from Danish psychiatric hospital wards.
**p ≤ 0.01, ***p ≤ 0.001.
One unit of alcohol = 12 g of pure alcohol.
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diagnoses and self-reported treatment for alcohol problems (incre-
ment in R2) was estimated and presented. Finally, linear regression
analyses of changes in IQ scores with alcohol-related hospital diag-
noses and self-reported treatment for alcohol problems were con-
ducted on a subsample of participants excluding men with alcohol-
related diagnoses the past year (N = 33), in analyses only including
currently abstinent cases (i.e., excluding cases with alcohol con-
sumption the past year), and in analyses including adjustment for
heavy alcohol consumption the past year in terms of more than 21
units of alcohol per week or weekly extreme binge drinking
(Table 4; Model 1-adjusted estimates presented). The linear regres-
sion model assumptions were evaluated, but no violations were
observed. All analyses were performed using Stata 14.
RESULTS
Study Sample Characteristics
The study sample consisted of 2,499 men with a total of
366 psychiatric alcohol-related hospital diagnoses and 49
somatic alcohol-related hospital diagnoses (Table S1). These
diagnoses were distributed on 207 men (8%) who had either
only psychiatric alcohol-related hospital diagnoses
(N = 167), only somatic alcohol-related hospital diagnoses
(N = 13), or both (N = 27) (note that the total number of
diagnoses adds up to more than the total number of
individuals with alcohol-related hospital diagnoses because
some individuals have been registered with more than 1 alco-
hol-related hospital diagnosis). The mean age at ﬁrst registra-
tion with psychiatric alcohol-related hospital diagnosis was
45.4 years (range: 21 to 66, SD = 10.9), and the mean num-
ber of registrations was 6.1 (SD = 13.1). In relation to
somatic alcohol-related hospital diagnoses, the mean age at
ﬁrst registration was 50.0 years (range: 32 to 67, SD = 8.1)
and the mean number of registrations was 4.5 (SD = 5.7). At
the follow-up examination, 256 participants (10.2%) self-re-
ported that they had been treated for alcohol problems either
once (5.7%) or several times (4.6%). The vast majority of
participants registered with alcohol-related hospital diag-
noses also self-reported treatment for alcohol problems
(73.4%) in the questionnaire. Nevertheless, diﬀerences
between the 2 alcohol-related disorder operationalizations
were also present; 55 men had alcohol-related hospital diag-
noses but did not self-report treatment for alcohol problems,
while 104 men reported treatment for alcohol problems but
did not have an alcohol-related hospital diagnosis.
Study sample characteristics by alcohol-related hospital
diagnoses and self-reported treatment for alcohol problems
are shown in Table 1. Compared with individuals with no
alcohol-related hospital diagnoses, individuals with alcohol-
Table 2. IQ scores Before and After Alcohol-Related Hospital Diagnoses and Self-Reported Treatment for Alcohol Problems in 2,499 Danish Men
Groups and differences Mean baseline IQ score (SD/SE) (min; max) Mean follow-up IQ score (SD/SE) (min; max) Mean change in IQ (SD/SE)
Alcohol-related hospital diagnoses
Yes (N = 207) 95.0 (17.2) (44; 133) 86.4 (16.9) (38; 126) 8.5 (11.6)***
No (N = 2,292) 100.5 (14.7) (40; 136) 95.7 (14.2) (38; 138) 4.8 (9.0)***
Differencecrude 5.5 (1.1)*** 9.2 (1.0)*** 3.8 (0.7)***
Self-reported treatment for alcohol problems
Yes (N = 256) 96.2 (16.4) (44; 133) 88.2 (16.6) (38; 127) 8.0 (10.6)***
No (N = 2,243) 100.4 (14.8) (40; 136) 95.7 (14.2) (38; 138) 4.8 (9.1)***
Differencecrude 4.2 (1.0)*** 7.4 (1.0)*** 3.2 (0.6)***
IQ = intelligence quotient calculated using Børge Priens Prøve test scores.
***p ≤ 0.001, independent-sample t-test of groupmean comparisons and dependent-sample t-test of within-groupmean changes in IQ scores.
Table 3. Adjusted Estimates of Changes in IQ Scores With Alcohol-Related Hospital Diagnoses and Self-Reported Treatment for Alcohol Problems in
2,499 Danish Men
Mean group difference in
IQ changes (95% CI) p-Value
Increment in R2 by the
alcohol-related disorder variable, %
Alcohol-related hospital diagnoses (Ncases = 207)
Model 1-adjusted estimates 4.8 (6.1;3.6) <0.001 2.0
Model 2 (Model 1 + psychiatric and somatic comorbidity) 3.6 (4.8;2.3) <0.001 1.0
Model 3 (Model 1 + average units of alcohol/wk in adult life) 4.7 (6.0;3.4) <0.001 1.7
Model 4 (Model 1 + years with weekly extreme binge drinking in adult life) 3.8 (5.1;2.5) <0.001 1.1
Self-reported treatment for alcohol problems (Ncases = 256)
Model 1-adjusted estimates 3.9 (5.1;2.8) <0.001 1.5
Model 2 (Model 1 + psychiatric and somatic comorbidity) 2.9 (4.0;1.8) <0.001 0.8
Model 3 (Model 1 + average units of alcohol/wk in adult life) 3.9 (5.1;2.6) <0.001 1.3
Model 4 (Model 1 + years with weekly extreme binge drinking in adult life) 2.7 (4.0;1.4) <0.001 0.6
IQ = intelligence quotient calculated using Børge Priens Prøve test scores, Model 1: adjusted for year of birth, retest interval length, baseline IQ score,
years of education, and pack-years of smoking.
One unit of alcohol = 12 g of pure alcohol. Extreme binge drinking defined as consuming 10 units of alcohol or more on the same occasion.
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related hospital diagnoses had signiﬁcantly less years of edu-
cation, more pack-years of smoking, and more excessive
alcohol consumption, including both average weekly con-
sumption and extreme binge drinking. Moreover, individuals
with alcohol-related hospital diagnoses displayed more
somatic as well as psychiatric comorbidity than individuals
without such diagnoses. Similar patterns were observed for
self-reported treatment for alcohol problems.
Of the 78 items in BPP, participants had a mean BPP score
of 46.2 (SD = 9.8) at draft board examination (baseline;
mean age = 20.3 years). The raw BPP scores were converted
to a baseline mean IQ score of 100 (SD = 15). At the follow-
up examination (mean age = 61.6 years), participants had a
signiﬁcantly lower mean IQ score of 94.9 (SD = 14.6; depen-
dent-sample t-test: p < 0.001); hence, during the mean retest
interval of 41.3 years (range: 27 to 48, SD = 3.4), partici-
pants had an average decline of5.1 (SD = 9.3) IQ points.
Intelligence Test Scores Before Alcohol-Related Disorders
Participants with alcohol-related hospital diagnoses had a
signiﬁcantly lower mean baseline IQ score than individuals
without such diagnoses (Crude baseline IQ diﬀerence = 5.5
[SE = 1.1]; p < 0.001) (Table 2). When IQ scores were strati-
ﬁed by self-reported treatment for alcohol problems, the
results observed were largely similar to those observed with
alcohol-related hospital diagnoses; thus, participants with
self-reported treatment for alcohol problems had a lower
baseline IQ score than individuals with no self-reported
treatment (Crude baseline IQ diﬀerence = 4.2 [SE = 1.0];
p < 0.001).
Alcohol-Related Disorders and Changes in Intelligence Test
Scores
Participants with alcohol-related hospital diagnoses had
signiﬁcantly larger decline in IQ scores from baseline to fol-
low-up than individuals without these diagnoses (Crude
diﬀerence in IQ changes = 3.8 [SE = 0.7]; p < 0.001)
(Table 2). The estimated decline in IQ scores with alcohol-re-
lated hospital diagnoses became even larger after adjustment
for primary covariates (Model 1-adjusted diﬀerence in IQ
changes = 4.8 [95% CI: 6.1; 3.6]; p < 0.001) (Table 3),
which was primarily due to adjustment for baseline IQ scores
and years of education (both of which were associated with
larger decline in IQ scores). In the Model 1-adjusted analyses,
alcohol-related diagnoses uniquely explained 2% of the vari-
ance in changes in IQ scores. The estimated decline in IQ
scores with alcohol-related hospital diagnoses was attenuated
but remained statistically signiﬁcant after further adjustment
for comorbidity and adult-life alcohol consumption (Models
2 to 4 in Table 3). When analyses were conducted comparing
individuals with somatic alcohol-related hospital diagnoses
(N = 40) and individuals without these diagnoses, an even
larger decline in IQ scores from baseline to follow-up was
observed (Model 1-adjusted diﬀerence in IQ changes = 7.6
[95% CI: 10.2; 4.9]; p < 0.001) (Table S2). In addition,
participants with self-reported treatment for alcohol prob-
lems had larger decline in IQ scores from baseline to follow-
up than participants not reporting treatment for alcohol
problems (Model 1-adjusted diﬀerence in IQ changes = 3.9
[95% CI: 5.1; 2.8]; p < 0.001) and self-reported treatment
for alcohol problems uniquely explained 1.5% of the variance
in changes in IQ scores (Table 3).
The estimated changes in IQ scores with alcohol-related
hospital diagnoses and self-reported treatment for alcohol
problems were marginally attenuated by excluding individu-
als with alcohol-related hospital diagnoses within the past
year (e.g., alcohol-related hospital diagnoses excluding past-
year diagnoses: Diﬀerence in IQ changes = 3.8 [95%
CI: 5.1; 2.4]; p < 0.001) (Table 4). Moreover, in analyses
only including currently abstinent cases, the group diﬀer-
ences in changes in IQ scores with alcohol-related hospital
diagnoses and self-reported treatment for alcohol problems
were smaller yet remained statistically signiﬁcant (e.g., alco-
hol-related hospital diagnoses including only past-year
Table 4. Model 1-Adjusted Estimates of Changes in IQ Scores With Alcohol-Related Hospital Diagnoses and Self-Reported Treatment for Alcohol
Problems in 2,499 Danish MenWhen Excluding IndividualsWith Recent Alcohol-Related Hospital Diagnoses, Only Including Currently Abstinent Cases
and Adjusting for Heavy Alcohol Consumption the Past Year
Cases/noncases Mean group difference in IQ changes (95% CI) p-Value
Excluding men with alcohol-related diagnoses the past year (N = 33)
Alcohol-related hospital diagnosis 174/2,292 3.8 (5.1;2.4) <0.001
Self-reported treatment for alcohol problems 236/2,230 3.6 (4.8;2.5) <0.001
Only including currently abstinent cases (no consumption past year)
Alcohol-related hospital diagnosis 103/2,292 3.5 (5.1;1.8) <0.001
Self-reported treatment for alcohol problems 138/2,243 3.0 (4.4;1.5) <0.001
Adjusted for >21 units/wk past year
Alcohol-related hospital diagnosis 207/2,292 4.8 (6.1;3.6) <0.001
Self-reported treatment for alcohol problems 256/2,243 3.9 (5.0;2.8) <0.001
Adjusted for weekly extreme binge drinking past year
Alcohol-related hospital diagnosis 207/2,292 4.6 (5.8;3.3) <0.001
Self-reported treatment for alcohol problems 256/2,243 3.6 (4.8;2.5) <0.001
IQ = intelligence quotient calculated using Børge Priens Prøve test scores, Model 1: adjusted for year of birth, retest interval length, baseline IQ score,
years of education, and pack-years of smoking.
One unit of alcohol = 12 g of pure alcohol. Extreme binge drinking defined as consuming 10 units of alcohol or more on the same occasion.
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abstinent cases: Diﬀerence in IQ changes = 3.5 [95% CI:
5.1; 1.8]; p < 0.001) (Table 4). Finally, the estimated
changes in IQ scores with alcohol-related hospital diagnoses
and self-reported treatment for alcohol problems were lar-
gely unaﬀected by adjustment for past-year weekly consump-
tion of 21 units of alcohol or more (e.g., alcohol-related
hospital diagnoses adjusted for past-year consumption >21
units: Diﬀerence in IQ changes = 4.8 [95% CI: 6.1;
3.6]; p < 0.001) and weekly extreme binge drinking (≥10
units on the same occasion) (e.g., alcohol-related hospital
diagnoses adjusted for past-year weekly extreme
binge drinking: Diﬀerence in IQ changes = 4.6 [95% CI:
5.8;3.3]; p < 0.001).
DISCUSSION
Main Findings
In this longitudinal study using 2 diﬀerent assessment
methods of alcohol-related disorders in combination with
intelligence tested in early adulthood and late midlife, lower
intelligence test scores at baseline were observed in individu-
als with alcohol-related hospital diagnoses and self-reported
treatment for alcohol problems. Moreover, individuals with
alcohol-related disorders had a larger decline in intelligence
test scores than individuals without such disorders regardless
of the assessment method of alcohol-related disorders. Thus,
largely similar results were observed when alcohol-related
disorders were assessed using alcohol-related hospital diag-
noses and self-reported treatment for alcohol problems,
while the largest group diﬀerence in changes in intelligence
test scores was observed for the somatic alcohol-related hos-
pital diagnoses. The diﬀerences in changes in intelligence test
scores associated with alcohol-related disorders could not be
explained by educational level, baseline IQ score, pack-years
of smoking, adult-life alcohol consumption, or psychiatric
and somatic comorbidity. Moreover, the results of changes
in intelligence test scores with alcohol-related disorders were
robust in relation to exclusion of individuals with alcohol-re-
lated hospital diagnoses within the past year and only inclu-
sion of currently abstinent cases and adjustment for heavy
alcohol consumption within the past year.
Intelligence Test Scores Before Alcohol-Related Disorders
The association between low baseline intelligence test
scores and alcohol-related disorders observed in our male
study sample is in accordance with ﬁndings from previous
longitudinal studies on male conscripts (Mortensen et al.,
2005; Sj€olund et al., 2012) as well as studies including both
men and women (Sj€olund et al., 2015). The latter study,
moreover, found no eﬀect modiﬁcation by sex, indicating
that the inﬂuence of intellectual ability on alcohol-related
disorders is comparable in men and women. We found that
baseline IQ scores were not only associated with alcohol-re-
lated hospital diagnoses but also with self-reported treatment
for alcohol problems, which is in accordance with a previous
longitudinal study observing an association between low IQ
scores and self-reported risky drinking (Mortensen et al.,
2006). Although only the crude associations were presented
because the analyses of baseline intelligence test scores and
alcohol-related disorders were merely related to the sec-
ondary aim, it deserves mentioning that the associations
remained statistically signiﬁcant after adjustment for both
year of birth and school education. Thus, IQ scores seem to
be associated with alcohol-related disorders and not just with
the risk of hospitalization or the likelihood of getting the
alcohol-related diagnosis.
Alcohol-Related Disorders and Changes in Intelligence Test
Scores
Our ﬁndings of additional decline in intelligence test scores
observed in individuals with alcohol-related disorders are less
well-supported as longitudinal studies including intelligence
assessed both before and after disease initiation are lacking.
In general, few studies have been able to identify factors
inﬂuencing individual diﬀerences in age-related intellectual
decline (Plassman et al., 2010). In this study, we identiﬁed a
modiﬁable lifestyle factor that explained around 2% of the
variance in changes in IQ scores. Moderate explained vari-
ance is expected given the numerous potential factors inﬂu-
encing lifelong intellectual changes. Nevertheless, alcohol-
related disorders were associated with a decline in IQ test
scores between 4 IQ points (self-reported treatment for
alcohol problems) and5 IQ points (alcohol-related hospital
diagnoses), corresponding to between ¼ and ⅓ of the stan-
dard deviation of 15, which underlines the importance of our
results.
In a cross-sectional study, Schottenbauer and colleagues
(2007) investigated whether the association between alcohol
dependence and intellectual performance diﬀered by partici-
pants’ age. Results of these analyses indicated that higher
vocabulary was observed with higher age regardless of alco-
hol dependence status; whereas performance on block design
was lower with higher age in individuals with alcohol depen-
dence but not in controls. Hence, alcohol dependence
appeared associated with age-related decline in ﬂuid intelli-
gence but not in verbal intelligence (if age cohort diﬀerences
in intelligence and alcohol dependence are assumed not to
distort the ﬁndings). Although we could not investigate
changes within speciﬁc domains of intelligence in the present
study, the cross-sectional results of Schottenbauer and col-
leagues can be interpreted as consistent with our results of
more decline in IQ scores in individuals with alcohol-related
disorders because the BPP subtests require reasoning and
may primarily assess ﬂuid intelligence (Hartmann and Teas-
dale, 2004, 2005). Moreover, our ﬁnding of larger decline in
IQ scores in individuals with somatic alcohol-related hospital
diagnoses may indicate that individuals with more severe
and long-lasting alcohol-related disorders are particularly at
risk of intellectual decline. Similarly, analyses of number of
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alcohol-related hospital registrations in the 207 men with
alcohol-related hospital diagnoses suggest a dose–response
association in terms of larger decline in IQ scores with
increasing number of registrations (estimated IQ decline per
additional registration = 0.15; p = 0.008). These results are
in accordance with a cross-sectional study by Glass and col-
leagues (2009) suggesting a negative eﬀect of severity of alco-
holism on intellectual functioning.
It has important implications for preventive strategies
whether the observed associations between alcohol-related
disorders and changes in intelligence test scores are a result
of direct inﬂuences of alcohol on the brain or indirect inﬂu-
ences of, for example, comorbidity. To assess whether the
associations were mainly driven by direct eﬀects of alcohol
on intellectual performance, we conducted analyses adjusting
the associations for average weekly units of alcohol con-
sumed in adult life and years with weekly extreme binge
drinking (≥10 units of alcohol on the same occasion) in adult
life using information that was retrospectively self-reported
at the follow-up examination. The estimates of decline in
intelligence test scores with alcohol-related disorders were
attenuated, but alcohol consumption did not appear to
entirely explain the observed associations. Although this
may partly be due to misclassiﬁcation of self-reported alco-
hol consumption, it is also likely that factors other than
amount of alcohol consumed inﬂuence the associations.
Alcohol-related disorders may, for example, be associated
with adverse psychological, physical, and social factors that
are unrelated to alcohol consumption but related to intellec-
tual decline. In the analyses including adjustment for psychi-
atric and somatic disease, the estimates of changes in
intelligence test scores with alcohol-related disorders were
likewise attenuated, indicating that some—but probably not
all—of the association may be explained by comorbidity.
However, residual confounding by comorbidity is probably
inevitable even though it was obtained using register infor-
mation from Danish hospitals. For example, diseases not
requiring hospital admissions would not be included.
Previous clinical neuropsychological studies and MRI
studies have indicated that at least a part of the structural
brain changes and intellectual changes associated with alco-
hol-related disorders diminish with periods of alcohol absti-
nence (Stavro et al., 2013; Sullivan, 2017). More speciﬁcally,
the studies included in the meta-analysis by Stavro and col-
leagues observed only small diﬀerences in intelligence test
scores between normal controls and individuals with alco-
holism who had been long-term abstinent for at least a year
(2013). Our analyses excluding individuals with alcohol-re-
lated diagnoses within a year before the follow-up test ses-
sion and our analyses including only currently abstinent
cases suggested that only a small part of the association
between alcohol-related disorders and changes in intelligence
test scores was explained by acute eﬀects of alcohol on intel-
lectual performance. As it can be argued that alcohol absti-
nence is not the only successful treatment outcome, analyses
were also conducted including adjustment for heavy alcohol
consumption the past year, suggesting highly similar results.
Thus, signiﬁcantly larger decline in intelligence test scores in
individuals with alcohol-related disorders compared with
individuals without these disorders was still present, which
may indicate that the changes in intellectual performance
with alcohol-related disorders are not only acute. Neverthe-
less, more studies are needed to conﬁrm the presence of per-
manent intellectual decline with alcohol-related disorders.
Strengths and Limitations
The main strength of this large-scale study is the quality of
the included variables. First, alcohol-related disorders were
assessed in 2 diﬀerent ways, enabling us to investigate
whether these 2 assessment methods—aﬀected by diﬀerent
limitations—revealed similar results. Second, intelligence
was assessed using the same intelligence test in early adult-
hood and late midlife, that is, before and after onset of alco-
hol-related disorders. Therefore, it was possible to examine
the inﬂuence of intelligence test scores on alcohol-related dis-
orders in addition to the inﬂuence of these disorders on
changes in intelligence test scores. Third, it is a major
strength that the study included several important covariates,
comprising detailed measures of alcohol consumption, pack-
years of smoking, as well as psychiatric and somatic comor-
bidity.
Misclassiﬁcation of intellectual changes may have
occurred although the same intelligence test was adminis-
tered to the participants in young adulthood and late midlife.
First, the change from paper-and-pencil to computer-based
completion may per se have resulted in changes in total intel-
ligence test scores. Second, some young men may have per-
formed less well on the test in young adulthood to avoid
military service, resulting in an underestimation of the intel-
lectual decline. It could, however, be argued that the amount
of both types of misclassiﬁcation of intellectual changes is
probably unrelated to the alcohol-related disorder status of
participants; hence, the estimated group diﬀerences are not
necessarily inﬂuenced.
The 2 assessment methods of alcohol-related disorders—
hospital diagnoses and self-reported treatment—both have
limitations that may cause misclassiﬁcation. Hospital diag-
noses only include individuals treated at hospital depart-
ments, whereas treatment for alcohol problems was
selectively reported by participants and does not include
speciﬁc diagnoses. As participants were born in 1950 to 1961
and the Danish National Patient Registry and the Danish
Psychiatric Central Research Register were not initiated until
1977 and 1969, respectively, misclassiﬁcation of individuals
with early alcohol-related disorders may be present. How-
ever, these individuals are presumably captured by the self-
reported treatment for alcohol problems. The strikingly simi-
lar results observed using the 2 diﬀerent assessments indicate
that both assessment methods capture individuals with alco-
hol-related disorders. Moreover, as the self-reported treat-
ment for alcohol problems also includes individuals getting
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treatment not at hospitals, the similar results may indicate
that the intellectual changes related to alcohol-related dis-
orders are not fundamentally diﬀerent among individuals
seeking help at diﬀerent sites. In addition to misclassiﬁca-
tion, early heavy alcohol consumption and unregistered
alcohol-related disorders may introduce problems of
reverse causation. Individuals with early heavy alcohol con-
sumption and alcohol-related disorders are at higher risk
of alcohol-related disorders later in life, and the intelligence
test score in young adulthood is probably lower due to the
concurrent heavy alcohol consumption. Thus, reverse cau-
sation may explain some of the observed association of low
baseline intelligence test scores with alcohol-related disor-
ders. In contrast, the decline in intelligence test scores
related to alcohol-related disorders would presumably be
underestimated due to this reverse causation, assuming that
low baseline intelligence test scores will lead to less decline
if the follow-up test score is not inﬂuenced by concurrent
heavy alcohol consumption.
The selection of participants is a core concern—like in pre-
vious studies using data from the Lifestyle and Cognition
Follow-up study 2015 (LiKO-15)—due to the potentially
limited generalizability and the risk of selection bias. Selec-
tion of participants took place ﬁrst at the draft board exami-
nation and second at the follow-up test sessions. At draft
board examination, women were not required to appear and
men with certiﬁed disqualifying diseases (5 to 10%) were
exempted. At follow-up test sessions, only men living within
50 km from test locations who were draft board examined in
greater Copenhagen or the island of Bornholm were invited.
Moreover, register information on psychiatric hospital
admissions was used to invite a larger proportion of partici-
pants with psychiatric disorders. The most worrying selec-
tion is, nevertheless, the self-selection at follow-up, that is,
whether the invited men agreed to participate in the follow-
up test sessions. In addition to the previously suggested
higher education, higher intelligence test scores, and lower
morbidity in LiKO-15 participants than nonparticipants
(Grønkjær et al., 2019b), men with alcohol-related hospital
diagnoses were less likely to participate in the follow-up
study than men without these diagnoses. Although selection
bias due to self-selection cannot be ruled out, suﬃcient vari-
ance in all included factors was still apparent among partici-
pants.
In this large male study sample, we observed lower intelli-
gence test scores in young adulthood in individuals with alco-
hol-related disorders regardless of whether these disorders
were assessed using hospital diagnoses or self-reported treat-
ment for alcohol problems. In addition, men with alcohol-re-
lated disorders had a larger decline in intelligence test scores
from young adulthood to late midlife than men without these
disorders. Thus, lower intellectual ability in individuals with
alcohol-related disorders observed in clinical studies is prob-
ably a result of both lower premorbid intelligence and more
intellectual decline in this group compared with individuals
without alcohol-related disorders.
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